F or patients in stable condition who are undergoing assessment for obstructive coronary artery disease, guidelines recommend continued observation in the case of patients who are at very low risk, noninvasive stress testing to determine the need for cardiac catheterization in the case of patients at intermediate risk, and direct referral for catheterization in the case of patients at high risk. [1] [2] [3] The goal of these recommendations is to limit the number of patients without obstructive coronary artery disease who undergo invasive angiography and thereby enhance the diagnostic yield of cardiac catheterization.
The use of both noninvasive and invasive studies has grown substantially 4 ; the Government Accountability Office reported a doubling in the cost of imaging services from 2000 to 2006, with $14.1 billion in Medicare spending for imaging services in 2006 alone (www.gao.gov/products/ GAO-08-452). The increased use of noninvasive testing should result in more effective risk stratification of patients, allowing identification of those patients who would be most likely to benefit from cardiac catheterization and ideally reducing the use of this invasive procedure in patients who do not have obstructive disease.
We analyzed data from patients in a contemporary, large, national cardiac-catheterization registry to assess the effectiveness of current practices in enhancing the yield of diagnostic cardiac catheterization as measured by the prevalence of obstructive coronary artery disease. We also examined the associations among clinical risk factors, presenting symptoms, results of noninvasive tests, and results of subsequent catheterization.
Me thods

Data Sources
The CathPCI Registry of the National Cardiovascular Data Registry (NCDR), which is sponsored by the American College of Cardiology and the Society for Cardiovascular Angiography and Interventions, has been described previously. 5, 6 Briefly, the NCDR CathPCI Registry is a large, voluntary registry of clinical data and in-hospital outcome data associated with diagnostic cardiac catheterization and percutaneous coronary intervention, collected from more than 800 U.S. sites. Information on characteristics of the patients and hospitals, findings of procedures that are performed, interventions that are undertaken, and the outcomes is collected at participating hospitals on the basis of explicit, prespecified data elements defined by an NCDR committee (www.ncdr.com/ webncdr/DefaultCathPCI.aspx). Only institutions whose submissions meet quality criteria for data reporting are included.
Study Population
All patients in the NCDR for whom there were complete data on diagnostic cardiac catheterization for the period from January 2004 through April 2008 were included (Fig. 1) . To identify patients without known heart disease, patients with a history of myocardial infarction, percutaneous coronary intervention, coronary-artery bypass surgery, cardiac transplantation, or valvular surgery were excluded, as were patients with indications for emergency or urgent cardiac catheterization (acute coronary syndromes, acute myocardial infarction, or cardiogenic shock) and patients who were being evaluated for transplantation or who were about to undergo valvular surgery. The institutional review board at Duke University Medical Center granted a waiver of written informed consent and gave authorization for this study.
Information was collected on the patients' demographic characteristics, clinical risk factors, and symptoms and on the results of noninvasive tests. Symptoms were categorized as no symptoms (including no angina), atypical chest pain, or stable angina. Noninvasive diagnostic tests included tests that were performed "to rule out ischemia prior to the procedure" -defined in the case-report form as "ECG, exercise or pharmacologic stress tests, radionucleotide, echo, CT scans or other heart scans" (www.ncdr.com/webncdr/DefaultCathPCI .aspx). The results were categorized as positive, negative, or equivocal. A modified Framingham risk score (www.framinghamheartstudy.org/risk/ coronary.html) was calculated on the basis of available clinical data, with a moderate score (i.e., 1 point) imputed for either a history of dyslipidemia or the use of statins and for the presence of hypertension or a history of medication use for the treatment of high blood pressure.
Obstructive Coronary Artery Disease
Obstructive coronary artery disease was defined as stenosis of 50% or more of the diameter of the left main coronary artery or stenosis of 70% or more of the diameter of a major epicardial or branch vessel that was more than 2.0 mm in di-888 ameter. For a sensitivity analysis, we broadened the definition of obstructive coronary artery disease to include stenosis of 50% or more in any coronary vessel. Patients with no coronary artery disease, which was defined as stenosis of less than 20% in all vessels, were also identified. The degree of stenosis was determined by physicians at each site and is defined in the NCDR CathPCI Registry as the percentage reduction in diameter, as estimated from a comparison with the diameter of the normal reference vessel proximal to the lesion.
Statistical Analysis
We compared the baseline demographic characteristics, risk factors, symptoms, and results of noninvasive tests for patients with obstructive coronary artery disease with those for patients without obstructive coronary artery disease. Continuous variables are presented as medians and interquartile ranges, and categorical variables as percentages. Continuous variables were compared with the use of the Wilcoxon-Mann-Whitney nonparametric test, and categorical variables with the use of the chi-square test. We also assessed temporal trends in the prevalence of obstructive coronary artery disease.
Multivariate logistic-regression analysis was performed to identify factors associated with obstructive coronary artery disease from among candidate baseline clinical variables (Table 1) . Generalized estimating equations 7 were used to 
R esult s
Study Population
From January 2004 through April 2008, data for 1,989,779 patients undergoing cardiac catheterization at 663 sites were entered into the NCDR (Fig. 1) . We excluded 841,374 of these patients (42.3%) because they had a known history of heart disease and 519,080 patients (26.1%) because they underwent emergency or urgent cardiac catheterization. Our final data set for analysis included 397,954 patients without known coronary artery disease who were undergoing elective cardiac catheterization, a cohort that represented 20.0% of all patients undergoing catheterization.
Prevalence of Obstructive Coronary Artery Disease
Obstructive coronary artery disease was identified in 37.6% of the patients, of whom 53.0% had evidence of multivessel disease (Fig. 1 
Predictors of Obstructive Coronary Artery Disease
Male sex, white race, older age, lower body-mass index, use of tobacco, and presence of diabetes, dyslipidemia, peripheral vascular disease, cerebrovascular disease, dialysis-dependent renal failure, and hypertension were each independent predictors of obstructive coronary artery disease ( 
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would be present, the incremental value of a positive result on a noninvasive test (including any of a broad range of tests such as resting electrocardiography, echocardiography, CT, or stress test) was limited.
Although the rate at which coronary arteries are found to be "normal" among patients who have undergone invasive angiography has been discussed as a potential performance measure, 9 rates that have been published previously have important limitations. In a 1992 report by the RAND Corporation, between 9 and 36% of patients who underwent invasive angiography were found to have normal coronary arteries, but the findings were limited by varying definitions of normal and by varying radiographic systems. 10 Findings from the Coronary Artery Surgery Study (CASS), involving 21,487 angiograms, showed that 18.8% of patients had nonobstructive coronary artery disease, which was defined as stenosis of less than 50% in all vessels. 11 Data from the Society for Cardiac Angiography and Interventions (SCAI) Registry, which are somewhat more recent than the CASS findings but are still more than 15 years old, showed that between 20 and 27% of patients had normal coronary arteries and between 30 and 35% of patients had stenosis of less than 50% in all vessels. 12,13 Although these data were derived from more than 200,000 patients over the course of several years, they were obtained before the current increase in both noninvasive imaging and the use of cardiac catheterization and reflect a broad spectrum of patients undergoing angiography, including those who were being evaluated for acute myocardial infarction and other emergency or urgent indications.
The low rate of obstructive coronary artery disease in the current NCDR analysis may reflect the stricter inclusion criteria for the patient population under study. Our study excluded patients with a known history of coronary artery disease, those undergoing emergency or urgent angiography in the setting of acute myocardial infarction or clinical instability, and those undergoing elective angiography before transplantation or valvular surgery. When data from the entire NCDR population were analyzed irrespective of prior disease or clinical indication, the rate of obstructive coronary artery disease increased to 60.3% (Fig. 1) , which is similar to the rates in previous reports. 14 Thus, the definition of the patient population is critical in placing our findings in context. We believe that our inclusion of a narrower population than that used in previous studies is helpful for understanding and eventually improving the clinical decision-making process that leads to the diagnostic use of cardiac catheterization. * The body-mass index is the weight in kilograms divided by the square of the height in meters. † Race was determined by the investigator at the site. ‡ The odds ratios are for insulin-dependent diabetes and non-insulin-dependent diabetes as compared with no diabetes. § The Modification of Diet in Renal Disease formula was used to estimate the glomerular filtration rate. ¶ The odds ratios are for renal failure requiring dialysis and renal failure not requiring dialysis as compared with no renal failure. ‖ The odds ratios are for typical symptoms and atypical symptoms as compared with no symptoms. ** The odds ratios are for positive, equivocal, and negative results of noninvasive tests as compared with no noninvasive testing.
The To better understand the relationship between current decision-making processes regarding the need for invasive angiography and its diagnostic yield, we explored the usefulness of known major cardiac risk factors, symptoms, and noninvasive testing results for predicting the presence of obstructive coronary artery disease. Not surprisingly, the strongest independent predictive factors were the traditional risk factors, including older age, male sex, use of tobacco, and the presence of diabetes, dyslipidemia, or hypertension. In addition to consideration of clinical risk factors, the probability of obstructive coronary artery disease, as assessed before angiography, is generally estimated by considering the presence or absence of symptoms, on the basis of work by Diamond and Forrester, 15 which was validated in independent clinical data sets. 16 When data on symptoms were added to our predictive model, they were independently related to the presence of obstructive coronary artery disease and also slightly improved the predictive ability of the model for obstructive coronary artery disease (from a C-statistic of 0.7417 to a C-statistic of 0.7609).
This study also provides insights into patterns of noninvasive testing among patients undergoing diagnostic cardiac catheterization. Data from Lin et al. showed that in a Medicare population undergoing elective percutaneous coronary intervention, only 41% of the patients underwent stress testing. 17 In contrast, our study showed that up to 84% of patients undergoing cardiac catheterization had undergone a previous noninvasive diagnostic test. This difference probably reflects the fact that NCDR includes a broad range of tests that are classified as noninvasive, whereas the analysis in the article by Lin et al. included only tests for ischemia. We found that noninvasive testing was paradoxically used more often in patients with a high Framingham risk score than in those with an intermediate or low risk score, a practice that is at odds with current guideline recommendations. 3 We also found that a positive noninvasive test was independently related to the presence of obstructive coronary artery disease. Although the association was significant, the effect of a positive noninvasive test on the ability of the model to Our results suggest that greater focus should be placed on the 30.0% of patients who were noted to have no symptoms, including no angina. Presumably the decision to proceed with invasive catheterization in the case of these patients was driven by clinical assessment of risk, testing for ischemia, or both. Given that the primary benefit of invasive treatment for obstructive coronary artery disease is relief of symptoms, we think that the threshold for invasive angiography may need to be higher in asymptomatic patients, for whom the potential benefits remain uncertain.
Other areas of potential improvement include risk stratification and the quality of noninvasive testing. Neither the Framingham risk score in the case of asymptomatic patients nor the Diamond and Forrester method in the case of symptomatic patients takes into account certain clinical risk factors, such as peripheral vascular disease, that are known to be important in this cohort. Even with the lack of certainty regarding the range of tests included in the NCDR, the incremental information provided by the aggregate of all forms of noninvasive testing was limited. Hence, our data support ongoing efforts to improve overall strategies for patient selection, including, but not limited to, improving the quality of noninvasive testing, in order to determine the optimal decision-making algorithms for the evaluation of suspected obstructive coronary artery disease.
The CathPCI Registry of the NCDR is a large, national registry that represents contemporary clinical practice in the community. Building on these strengths, our analysis provides current information on the way in which the entire diagnostic process -including assessment of clinical factors, symptoms, and noninvasive testing -functions in the referral of patients for diagnostic catheterization.
Our study has several limitations. We could not distinguish between patients who underwent resting electrocardiography, echocardiography, or CT and those who underwent stress testing, and we do not have any information regarding the undoubtedly large population of patients who were evaluated but did not undergo cardiac catheterization. In addition, the analysis of angiographic findings is limited by the fact that the assessment of coronary stenosis was made by the interpreting physician. Finally, the performance of the Framingham risk score may be underestimated because we imputed values for lipid levels and blood pressure.
In summary, in a large, national registry, only 38% of patients without known heart disease who underwent elective invasive angiography had obstructive coronary artery disease. Current strategies that are used to inform decisions regarding invasive angiography, including clinical assessment of risk and noninvasive testing, need to be improved substantially to increase the diagnostic yield of cardiac catheterization in routine clinical practice. Copyright © 2010 Massachusetts Medical Society. All rights reserved.
